Aim: The responses of 10 patients with long-standing, symptomatic, intractable drug-refractory histories of irritable bowel syndrome with diarrhea (IBS-D) and with abdominal pain, gas/bloating and distention, termed IBS undefined (IBS-U), were evaluated when administering a medical food product containing serum-derived bovine immunoglobulin/protein isolate (SBI). Methods: Patients in this case series were chosen based on their lack of satisfactory response to a variety of drugs, including antidiarrheal and antispasmodic medications, serotonin 5-HT3 receptor antagonists, selective serotonin re-uptake inhibitors (SSRIs), proton pump inhibitors (PPIs), antibiotics, and antidepressive drugs. Patients met Rome III criteria and were administered 5 g/day of SBI as standard-of-care nutritional support. A scale of 0% -25%, 25% -50%, 50% -75%, 75% -100% response to SBI was used for patient-reported improvement in overall IBS symptoms following administration for one month. Exact methods for calculating confidence intervals and pvalues were used to assess complete management of symptoms and response to therapy. Adverse events were also monitored for this nutritional product. Results: The onset of gastrointestinal (GI) symptom reduction utilizing nutritional management with SBI occurred within an average time of 2-4 weeks with improved or near complete management in all 10 patients who were refractory to previous drug therapies by 4 weeks. When prompted, patients reported significant IBS symptom improvement which averaged between 50% -100% (p = 0.002) with an average for complete management in all patients of 69%. No side effects were reported after SBI administration even when taken for up to 28 weeks. Conclusion: Based on the safety profile and reported outcomes in * Corresponding author.
Introduction
The etiology of irritable bowel syndrome (IBS) is complex and not fully understood. Since there are no established bio-markers for IBS, diagnosis is via exclusion of underlying pathology and every "red flag" symptom. Irritable bowel syndrome is often a difficult to treat and an intractable problem for patients. Though the exact occurrence in developed countries is challenging to determine, it is estimated that 10% -20% of the population has IBS [1] - [3] . Only about 25% of patients seek professional health care [4] [5] . There are strong IBS symptom associations with altered gut microbiome, aberrant fermentation of short chain fatty acids, food sensitivities (e.g. gluten, lactose), bile acid malabsorption, gut-brain hypersensitivity through peripheral nerves, chronic low grade inflammation in the lamina propria and genetic susceptibility [6] . Due to its complex etiology, there is no single therapeutic option available with a robust safety profile and satisfactory efficacy in this population. Furthermore, patients often express a high level of dissatisfaction with their current therapies [7] .
Dietary modification, by reducing the ingestion of fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP diet), has been shown to improve gastrointestinal (GI) symptoms [8] [9] . Conventional therapies often include drugs such as loperamide and diphenoxylate for diarrhea, laxatives for constipation, and antispasmodic/anti-cholinergic drugs (atropine and dicyclomine). Alternative therapies such as probiotics have also shown some effectiveness in reducing IBS symptoms, especially in IBS-C [10] . Though drug treatments such as nonabsorbable antibiotics, tricyclic antidepressants, and 5-HT3 receptor antagonists (alosetron) generally yield better IBS symptom relief compared with conventional therapeutics, they come with higher side effect profiles [11] . Safe and effective agents are still needed for the management of IBS.
SBI is a specially formulated protein mixture which provides for a distinctive dietary requirement in the management of enteropathy in patients with chronic loose or frequent stools in such conditions as IBS-D and HIV-associated enteropathy under physician supervision [12] . SBI is made up of approximately 92% protein, which includes >50% immunoglobulin G (IgG) along with other proteins and peptides that reflect the composition of plasma and are similar to proteins found in colostrum and milk. The remaining composition of SBI is a small amount of water not removed in the drying process as well as a low percentage of minerals. This specially formulated protein mixture has a multifaceted mechanism of action which involves binding microbial components in the lumen, maintaining GI immune balance, managing gut barrier function, and improving nutrition utilization. A clinical study has been performed demonstrating the efficacy of SBI in IBS-D patients [13] .
We present a retrospective case series of 10 IBS patients previously refractory to multiple drug therapies who were subsequently administered SBI and experienced significant improvement in overall symptoms, thereby corroborating the effectiveness of this nutritional product in a "real world" setting.
Methods

Patients
The Rome Foundation has defined three classes of IBS including irritable bowel syndrome with constipation (IBS-C), IBS-D, and alternating or mixed populations termed IBS-M [14] . In addition, there are patients who exhibit abdominal pain, gas/bloating, and distention, but do not necessarily fit within any of the three previous categorizations. For this analysis, these patients will be classified undetermined or IBS-U, although some physicians have used the term IBS-B (IBS-bloating). Nine of 10 patients in this case study were female. Patients were between the ages of 37 and 71 yrs with an average age of 58 (median 60.5 yrs). Patients in this analysis previously failed on multiple traditional pharmaceutical interventions and met the Rome III criteria [14] . Common to all patients in this case series were abdominal pain and bloating/distention with the exception of one (Case 10), who lacked bloating and distention as part of their symptomology, but was diagnosed with IBS-D. Of the 10 patients, 6 cases were classified as IBS-D and 4 cases were classified as IBS-U. None of the patients reported constipation when questioned and their initial severity of GI symptoms varied from patient to patient prior to SBI administration. The patient demographics, their case history, gastrointestinal (GI) symptoms, and attempted treatments without resolution of symptoms are presented in Table 1 . Most patients had additional GI complications as well as other comorbidities which complicated their conditions detailed below.
Case 1 had a two-year history of IBS-D with worsening intermittent epigastric pain and ischemic colitis in addition to esophageal spasms and atypical chest pain. Case 2, in addition to being diagnosed as IBS-U for over one year, had multiple somatic complaints as well as nausea, epigastric pain and some flatus with a chronic history of stable anemia. Case 3 had a positive hydrogen breath test with lactose intolerance concurrent with small intestinal bacterial overgrowth (SIBO). The patient reported diarrhea, bloating, distention and gas pain and was diagnosed with IBS-D. During rifaximin (550 mg PO TID) treatment continuously for 5 weeks, symptoms were 50% better, but all symptoms returned with the same intensity after discontinuing the rifaximin course within 2 weeks. The patient then had a hydrogen breath test after the rifaximin course which was negative but symptoms continued. Case 4 had a two-year history of IBS-U complicated by lactose intolerance, dyspepsia/tachygastria, gastrointestinal reflux disease (GERD), reflux esophagitis, and had been treated with interferon for recurrent polycythemia vera. Case 5 had a one and a half-year history of IBS-D and GERD exacerbated by insomnia and sleep apnea. The patient reported the following symptoms after eating: cramping and abdominal pain followed by extreme urgency. Both cramping and abdominal pain were relieved by defecation, but the patient's quality of life continued to be severely altered because of the severity of symptoms. Case 6 had a three-year history of IBS-D along with GERD, dyspepsia/tachygastria, gastritis, gastroparesis, and anal fissures. In addition, this male patient, the only one in this case series, had a history of benign prostatic hyperplasia, hyperlipidemia, and hyperthyroidism as well as a history of renal cell carcinoma, which was fully encapsulated and removed without further treatment. Case 7 was diagnosed with IBS-U two years earlier, along with ongoing epigastric pain, GERD, reflux esophagitis, and non-ulcer dyspepsia. The patient also had comorbid liver/pancreas cystic nonmalignant neoplasms and multiple somatic and joint complaints. Case 8 was diagnosed with IBS-D over a year earlier, but also had gastrointestinal comorbidities of gastroparesis and ongoing rectal bleeding from hemorrhoids. The patient was additionally diagnosed with generalized anxiety, depression, bipolar disorder, fibromyalgia, hypertension, asthma and chronic obstructive pulmonary disease (COPD). Case 9 had a 10-year history of IBS-D complicated by GERD, gastritis, and fundic gland gastric polyps. Furthermore, the patient had comorbid hyperlipidemia, breast cancer (the treatment for breast cancer was successful and there was no evidence of disease upon follow up), and mitral valve prolapse. Finally, Case 10 had a 7-year history of IBS-D, GERD, and gastritis. Case 10 also had comorbid chronic non-specific colitis (previously diagnosed but unconfirmed by the current treating physician with follow up colonoscopy), a large cecal polyp (flat, benign, tubular adenoma, no high grade dysplasia or malignancy on pathology) which required a right hemicolectomy, hyperthyroidism, and hyperlipidemia. Because these patients had been refractory to multiple drug therapies, they were placed on SBI as a nutritional agent in an attempt to help manage their IBS. None of the treatments noted in Table 1 were used currently with SBI.
Protocol
Retrospective chart analysis was used to assess patient response to SBI administration as part of standard-of-care in patients diagnosed with drug-refractory histories for relief of symptoms for IBS-D and IBS-U. Patients were administered 5 g/d for 4 weeks before being seen to assess the impact on management of IBS-D or IBS-U. After 4 weeks, patients were asked to report their overall response for symptom improvement to SBI as a nutritional support pro-duct using a tiered scale between 0% and 100%. This scale was divided into four ranges (0% -25%, 25% -50%, 50% -75%, 75% -100%) to assess patient-reported improvement in overall IBS symptoms (i.e., abdominal pain, diarrhea, gas/bloating/distention, flatulence) following administration of SBI for one month. Patients continued on product after 4 weeks to assess long term exposure and to assess adverse events in a few cases longer than 20 weeks. An exact method for calculating confidence intervals and p-values was used for the case series data with a lower bound 95% confidence interval to assess relative management of their condition and statistical response to this nutritional therapy. The cost of drugs patients were on before and after SBI administration was determined using a commercial site (www.goodrx.com) that provides the range of retail prices in the location where patients live. These prices were averaged to give the retail cost for patients around the practice where patients were seen by physicians.
Results
Three patients reported a response to nutritional management with SBI in the first 2 weeks. Seven others were not determined until the 4-week time point. All 10 patients responded to therapy within 4 weeks of receiving the first dose of 1 packet daily of EnteraGam™ (5 g/d of SBI). Four of 6 patients with IBS-D reported a 75% -100% improvement in overall symptoms, while 2 out of 6 reported 50% -75% improvement at 4 weeks. One out of 4 patients with IBS-U reported a 75% -100% improvement in overall symptoms, while 3 out of 4 reported 50% -75% improvement at 4 weeks. Average time on SBI for all patients was 13.6 weeks (median = 10 weeks). Using for calculating confidence intervals and the Fischer Exact test (two-sided) to calculate p-values for the case series data, the lower bound of the 95% confidence interval for the improved or near complete management rate among the cases in this study is 69%. Testing of the overall rate against a null population proportion of 50% resulted in a significant reduction in gastrointestinal (GI) symptoms in these 10 refractory patients with a p-value of 0.002. This represents a significant difference between patient responses to previous drugs vs. the response to nutritional management with SBI ( Table 2 ). Decreased bloating, frequency, and urgency sensation in less than one month on therapy. One watery stool first followed by 2 soft stools per day. Metronidazole 10-day course and dicyclomine as needed were prescribed along with SBI. Now the patient is managed continuously on SBI with loperamide as needed.
75% -100%
In one week, bloating and diarrhea improved. Continued improvement of bloating, diarrhea, and symptoms of GERD over a 9 week period. When patient stopped SBI for Nissen Fundoplication, symptoms of bloating and diarrhea returned. Re-initiation of SBI therapy resolved symptoms once again after 2-weeks.
7 5 nd, 12 Significant decrease in bloating and distention 50% -75%
Significant decrease in bloating in 8 wks with continued improvement in abdominal pain, bloating/distention and diarrhea thereafter. Patient still has recurrent nausea with vomiting and could not tolerate PPI therapy. Patient was also placed on dicyclomine to manage condition. 50% -75%
Bowel movements were formed after morning meal with no urgency. Bismuth subsalicylate was discontinued. No abdominal cramping was reported after SBI administration.
10 5 2, 28
Normally formed bowel movements with notably reduced urgency. Patient self trial off SBI resulted in watery loose stool several times a day. This was resolved with re-initiation of SBI therapy within 2-weeks.
50% -75%
GERD-Gastrointestinal Reflux Disease; nd-Not Determined; PPI-Proton Pump Inhibitor; SBI-Serum-Derived Bovine Immunoglobulin/Protein Isolate.
Two patients completed an initial 4-week course of SBI (Cases 6 and 10) and had a return of IBS-D symptoms when they decided to discontinue product. When they re-initiated SBI, the symptoms subsided in approximately 2 weeks. Two patients (Cases 5 and 8) required co-administration with other agents to manage symptoms fully following the initial 4 weeks of SBI, suggesting a reduction in overall utilization of drug therapies to treat this real world population. Cost analysis utilizing an online tool for retail pricing (www.goodrx.com) demonstrated that these patients, on average, saved more than $300 per month in direct drug costs and over $200 in medical costs while on SBI in reduced office visits. Finally, all patients reported improved quality of life while on nutritional management with SBI.
Discussion
Wilson et al. [13] demonstrated in a single-center, randomized placebo-controlled study of subjects with IBS-D that SBI significantly reduced the number of days per week of symptoms such as abdominal pain, flatulence, bloating, loose stools, urgency and incomplete evacuation within the 10 g/day group. Efficacy within the 5 g/day group was also noted but to a lesser extent. The study was not powered for comparison against placebo (soy protein), however the placebo group showed no significant reduction in symptomatology. Due to a lack of information in drug-refractory IBS patients, this retrospective case series was undertaken to better understand the utility of SBI as a nutritional support product in a real world practice setting.
Patients with IBS represent a challenge not only to physicians in treating their condition, but also to healthcare systems in terms of cost of care. The financial burden this illness places on the United States is upwards of $10 billion in direct medical costs and over $20 billion in indirect medical costs, totaling greater than $30 billion in combined costs per year [15] - [17] . It is estimated that patients with IBS utilize 50% more healthcare resources than patients without this condition due to the need for significantly more physician office visits, repeated diagnostic tests, invasive procedures such as endoscopy and colonoscopy, and even a greater number of abdominal surgeries and cholecystectomy [18] - [20] . There is also a significantly higher utilization of multiple drug therapies for GI symptoms and psychological and somatic complaints in IBS patients [21] [22] . Patients with IBS experience poorer quality of life, resulting in limitations in day-to-day physical activities, decreases in social situations and increases in rates of depression [23] . IBS patients are prone to comorbidities of sleep disturbances, headaches, fibromyalgia, and psychological disorders. These conditions tend to overlap GI conditions such as functional dyspepsia, changes in motility, visceral hypersensitivity, GERD, celiac disease, and lactose intolerance [24] - [30] . Whether these comorbidities are causative, contributory, or linked to IBS is still a matter of debate.
IBS patients have disturbances in microbiota, minor inflammation in the lamina propria, barrier disruption and malabsorption of water [6] . SBI has been shown to bind to multiple microbes and components from these organisms which can induce enteropathy (for review, see [31] ). Data from animal models demonstrate that the protein formulation decreases pro-inflammatory cytokines (i.e., TNFα, IL-6), but also increases anti-inflammatory factors such as IL-10. In addition, models have shown that proteins in SBI manage gut barrier function through up-regulation of tight junction proteins. Finally, data from both animals and humans have shown that SBI decreases fecal fat and energy loss and increases protein as well as micronutrient uptake in recovering malnourished infants and children and D-xylose uptake in HIV patients with enteropathy [31] .
The cases presented here are characteristic of IBS patients as a whole with food intolerances, somatic complaints, and sleep disturbance ( Table 1 ). In particular, this group of patients also had a strong association with esophageal comorbidities and IBS symptoms. Esophagitis, GERD, dyspepsia/tachygastria, acid indigestion and esophageal spasms were present in 8 of 10 patients consistent with reported overlap of IBS with functional esophageal conditions [30] . Three patients in the study also experienced side effects to conventional drugs previously used to treat their IBS symptoms: blurred vision on dicyclomine, nausea from alosetron, and a rash while on mesalamine. There were no reported side effects for any patients on SBI, with every patient reporting improvement in IBS symptoms while on the product within 4 weeks and some reporting a response in as short time as two weeks. Finally, all patients reported a minimum of 50% -75% improvement in symptoms with half (5 of 10) reporting 75% -100% improvement.
Despite this being a small retrospective chart analysis of patients that had not responded to previous treatments, it still resulted in a statistically significant decrease in IBS symptoms (p = 0.002) as well as pharmacoeconomic benefits with no reported side effects. Weaknesses of this case series report included that it was a re-trospective chart analysis with a small sample size of patients (N = 10) and not a prospective evaluation. It is encouraging to note, however, that all patients responded to therapy by reporting improvement in their IBS symptoms, whereas they had experienced poor responses to traditional drug interventions.
Based on these results in a geographically separated, racially diverse population with comorbid disease complications and long histories of taking multiple agents for IBS, SBI was consistently effective in providing nutritional support to improve symptoms and the patients' quality of life. While additional research may be needed, SBI should be considered as a viable nutritional option for managing patients with IBS.
